were independently related with VDD. The PTH levels were significantly higher in VDD group compared to vitamin D insufficiency and sufficiency group (P<0.001). In normal weight children, 25OHD (β=-0.007, P<0.001) and ionized calcium (β=-0.594, P=0.007) were independently related with PTH, however, these associations were not significant in overweight children. Conclusion: VDD is very common in Korean children and its prevalence increases in winter-spring season, in overweight children and in older age groups. Further investigation on the vitamin D and PTH metabolism according to adiposity is required.
Introduction
Vitamin D is essential for maintaining skeletal health and optimal growth in children. It also regulates numerous cellular functions, and studies revealed associations between vitamin D deficiency (VDD) and the risk of metabolic syndrome, diabetes, autoimmune diseases, and some types of cancer [1] [2] [3] [4] . VDD is very common nowadays in children as well as in adults, probably due to decreased exposure to sunlight 5) . According to the Korean National Health and Nutrition Examination Survey 2008, the prevalence of VDD was 47% in teenage boys and 65% in teenage girls 6) . However, data on the prevalence and risk factors of VDD in younger children are limited in Korea.
The prevalence of VDD increases in obese individuals because adipose tissue sequesters vitamin D3, and obese individuals may require at least 2 to 3 times more vitamin D to achieve optimal serum 25-hydroxyvitamin D (25OHD) level 7, 8) . However, there is no consensus if it is relevant to maintain the 25OHD levels within the same target range in overweight and normal weight children.
This study was performed to investigate (1) the prevalence and risk factors of VDD in Korean children and (2) the relationship between 25OHD and parathyroid hormone (PTH) levels in normal weight and overweight children.
Materials and methods

Participants
Participants were 1,212 children aged 4 to 15 years who visited Bundang CHA Medical Center (located at latitude of 37ºN) for checkup of their health and growth status between March 2012 and February 2013. Exclusion criteria were (1) children with body mass index (BMI)<3rd percentile, (2) those with abnormal laboratory results (abnormal liver, kidney, or thyroid function test, or hemoglobin level<11 g/dL), and (3) those who were treated with gonadotropin-releasing hormone analogue, growth hormone, or other chronic diseases. Normal weight was defined by BMI 3rd to 84th percentile, and overweight was defined by BMI≥85th percentile for age and sex based on Korean standard growth curve. Participants were divided into four age groups (4-6 years, n=174; 7-9 years, n=570; 10-12 years, n=368 years, and 13-15 years, n=100) and two seasonal groups (winter-spring [December to May] vs. summer-fall [June to November]). This study was approved by the Institutional Review Board of Bundang CHA Medical Center.
Laboratory measurement
Serum 25OHD was measured by chemiluminescence immunoassay (LIAISON system, DiaSorin, Italy). PTH was measured by electrochemiluminescence immunoassay (Roche Diagnostic, Indianapolis, IN, USA). Serum calcium, phosphorus, and alkaline phosphatase levels were measured by spectrophotometric method (HITACHI automatic analyzer, Tokyo, Japan). Ionized calcium was measured in 282 children (216 normal weight and 66 overweight children) by spectrophotometric method (HITACHI automatic analyzer).
Children were divided into 3 groups according to their vitamin D status; deficiency (25OHD, <20 ng/mL), insufficiency (25OHD, 20-30 ng/mL), and sufficiency (25OHD, ≥30 ng/ mL) 8) .
Statistical analysis
Statistical analysis was performed by IBM SPSS ver. 20.0 (IBM Co., Armonk, NY, USA). Mean levels for collected variables were compared by Student t-test. Chi-square test was used to compare the prevalence of VDD between groups. A logistic regression model was applied to investigate factors independently related to VDD. Analysis of variance with Bonferroni post hoc test was used to compare the PTH levels according to vitamin D status. Pearson correlation was used to evaluate the association between PTH, 25OHD, and ionized calcium. Multiple regression analysis was performed to verify factors related to PTH levels. Because the PTH data was not normally distributed, it was natural log transformed before using in the correlation or regression analysis. A P-value <0.05 was considered significant.
Results
Demographic and laboratory characteristics of participants
Baseline characteristics of normal weight (n=967) overweight (n=245) children are shown in Table 1 . 25OHD was significantly lower in overweight group than in normal weight group (17.1±5.1 ng/mL vs. 19.1±6.1 ng/mL, P<0.001) ( Table 1 ).
The prevalence of VDD according to season, age, and adiposity
Among the total participants, 58.6% was vitamin D deficient, 38.5% was vitamin D insufficient, and only 2.9% was vitamin D sufficient. Gender difference in vitamin D status was not observed. When participants were stratified by age group, the proportion of VDD increased with advancing age group (4-6 years, 44.3%; 7-9 years, 56.8%; 10-12 years, 63.0%; and 13-15 years, 77.0%; P for trend<0.001). The prevalence of VDD was 43.1% in the summer-fall season, but it increased to 75.1% in winter-spring season (P<0.001). Measured in 216 normal weight and 66 overweight children. www.e-apem.org
The VDD was more common in overweight children compared to normal weight children both in summer-fall (56.8% vs. 40.0%, =0.001) and winter-spring season (85.0% vs. 72.3%, P=0.004) (Fig. 1A) . When participants were further stratified by age, VDD was more common in overweight children and in winter-spring season in younger age groups, but these differences were not significant in the oldest age group (Fig. 1B,  C) .
Factors associated with VDD
Winter-spring season (OR, 4.46; 95%CI, 3.45-5.77), older age group (OR. 1.60; 95%CI, 1.36-1.88), and overweight (OR, 2.21; 95%CI, 1.62-3.01) were independent determinants of VDD in Korean children (Table 2 ).
The relationship of PTH and vitamin D
Although VDD was very common, PTH level was not elevated in most children. In normal weight group, 13 VDD children (2.4%) and 7 children (1.7%) with vitamin D insufficiency showed increased PTH level. Among overweight children, only 1 VDD child (0.6%) and 1 vitamin D insufficient child (1.5%) presented high PTH level. However, the mean PTH level was significantly higher in VDD group compared to vitamin D insufficiency and sufficiency group (32.6±12.5 pg/mL vs. 28.9±11.7 pg/mL vs. 23.2±8.2 pg/mL, P<0.001). In normal weight group, PTH was significantly higher in VDD group compared to vitamin D insufficiency and sufficiency group (P<0.001). Among overweight children, PTH was also higher in VDD children than in vitamin D insufficient children (P<0.001). There was no significant difference in PTH levels between normal weight and overweight children in each vitamin D status group (Fig. 2) .
The PTH level was inversely related with 25OHD levels (r=-0.215, P<0.001). The inverse relationship between PTH www.e-apem.org and 25OHD was significant in both normal weight (r=-0.210, P<0.001) and overweight children (r=-0.235, P<0.001). The PTH and ionized calcium level was inversely related (r=-0.198, P=0.004) in normal weight children, but was not in overweight children (r=-0.071, P=0.574).
In multiple regression analysis, 25OHD (β=-0.007, P<0.001) and ionized calcium (β=-0.594, P=0.007) were independently related with PTH in normal weight group, however, these factors were not significantly related with PTH in overweight group (Table 3) .
Discussion
Our results show that VDD is very common in Korean children and its prevalence increases in winter-spring season, in overweight children and in older age groups. Overweight children are at higher risk for VDD, and the PTH levels were not significantly different between normal weight and overweight children with VDD in the present study.
Vitamin D3 is synthesized in the skin when exposed to ultraviolet light in the range of 290-315 nm ultraviolet B (UVB). The further apart from the equator, the fewer months of the year contains the UVB sufficient for endogenous skin synthesis 9, 10) . In South Korea (latitude 33-38°N), Vitamin D 3 is synthesized in the skin approximately between April and October. Only daylight (between 10 AM-3 PM) is effective for vitamin D synthesis 8) . In this study, older children were vulnerable to VDD. Most Korean children are engaged in entrance examination for university, and older children have fewer chance of outdoor activity, resulting in high prevalence of VDD throughout the year even in normal weight children 6) . Obese people tend to have lower vitamin D level than normal weight people [11] [12] [13] . One of the reasons is sedentary life style, as well as due to the lipid solubility of vitamin D, which can be sequestered in adipocytes 9) . However, reports on optimal vitamin D levels in obese children are limited. In the present study, overweight children were at higher risk for VDD. More than half of overweight children had VDD in summer-fall season, and the prevalence of VDD increased to 85% in winterspring season.
It is not clear yet whether the optimal 25OHD levels are equivalent in normal weight and overweight children or not. It was reported that the relationship between 25OHD and PTH shows a broken-stick appearance, and the inflection point was reported to be around 20 ng/mL 14) . In a recent study, the inflection point of 25OHD for PTH elevation was lower in overweight children compared to normal weight children 15) . However, in the present study, there was no difference in PTH levels between normal weight and overweight children in each vitamin D status group, and we failed to demonstrate the inflection point because the PTH distribution was not suitable for the piecewise regression model (data not shown). Among overweight children, PTH was higher in VDD children than in vitamin D insufficient children, however, there was no significant difference in PTH levels between vitamin D sufficient group and other vitamin D status groups, probably due to small numbers of vitamin D sufficient children (n=3) in the overweight group.
The PTH and 25OHD showed inverse correlation in both normal and overweight group, in our study, in concordance with recent reports 16, 17) . In multiple regression analysis, 25OHD and ionized calcium worked as independent determinants of PTH in normal weight group, but not in overweight group, possibly due to small numbers of overweight children. However, a recent study reported that the inverse relationship between PTH and 25OHD is not observed in obese adults 18) . Further investigation on the vitamin D and PTH metabolism according to adiposity is required to define optimal 25OHD level in overweight children.
It was reported that PTH levels are primarily regulated by ionized calcium and not directly by the level of vitamin D 19) . Although the vitamin D levels were lower in overweight children, ionized calcium and PTH levels were comparable in the normal weight and overweight children in the present study. The inverse correlation between PTH and ionized calcium was significant in normal weight group, but this relationship disappeared in overweight group. However, due to small numbers of overweight children in whom ionized calcium was measured, further verification is required to confirm this relationship.
In our data, in spite of high prevalence of VDD, few patients showed elevated PTH level. PTH level was higher in VDD children than in vitamin D insufficient children, but it was within normal range in most children.
The limitation of this study is that this is a hospital based study, and although participants with possible confounding factors such as abnormal laboratory results or specific treatment, it cannot be completely excluded that high risk children are more likely to visit for medical checkup.
Our results suggest that VDD is very common in Korean children, and efforts for improving vitamin D status, such as increasing outdoor activities, are required. Further investigation is warranted to figure out optimal 25OHD level and the relationship with PTH and ionized calcium in overweight children.
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